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ABSTRACT 


During the past decade, there has been an increasing awareness of 
health concerns regarding exposure to low levels of pollutants in 
the indoor office environment. A large number of buildings have 
been studied and the results reveal a variety of similar com¬ 
plaints and symptoms. These complaints often center around issues 
of thermal discomfort or health related complaints (irritation of 
the eyes, nose, throat and lungs). Unfortunately for the building 
manager, the causes of these complaints and health concerns are 
unique to each building. Recently Dr. Ole Fanger, a noted re¬ 
searcher of the Technical University of Denmark, has presented 
information quantifying air pollution as it is perceived by 
humans indoors and outdoors. - The results of Dr. Ole Fanger's work 
have suggested that in many buildings the HVAC system is perceived 
as significantly contributing to the - causes of the occupants 
complaints. 

It has been the experience of the Authors and other researchers 
that Industrial (OSHA) type pollutant surveys that are often con¬ 
ducted by in-house staff or consultants, typically provide little 
insight because the results are often reported as below OSHA 
standards or below minimum detectable standards. This often 
leaves the occupants with an even greater sense of frustration. 

Evaluation and measurement techniques have been developed and 
utilized that are capable of identifying the causes of the occupant 
complaints. Often equipment is employed that is 10 - 100 times 
more sensitive than occupational type surveys would dictate. The 
purpose of these low level measurements is to evaluate what is 
actually happening to the air within the building - not just 
whether the air quality meets certain OSHA requirements. These 
evaluation techniques must include a very comprehensive evaluation 
of what the building's HVAC system is or is not'^accomplishing for 
the occupants. 

This paper presents an evaluative framework that has proved very 
useful in buildings in which there is no identifiable suspected 
source of air contaminants, yet there are complaints; and in situa¬ 
tions where there is an identifiable suspected source, but un kno wn 
pathways of transmission. To date we have conducted evaluations in 
over 3 million square feet of office, research, and institutional 
type space utilizing this basic approach. 

Once a good understanding of the history of complaints, current 
delivered ventilation rates, - pollutant levels, air flow patterns, 
pollutant sources and control equipment has been developed, corrective 
actions can be developed and implemented, if warranted. 
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INTRODUCTION 


In the process of conducting indoor air quality investigations in 
office type buildings, the authors have identified several impor¬ 
tant areas that need to be Evaluated. These include, but are n.ot 
limited to, (l) the history of the occupant complaints, (2) an 
evaluation of the distribution of "fresh" outside air(OA) to the 
occupants, and (3) an inventory of the sources of potential irritants 
located both inside and outside the building. This paper focuses 
on the overall techniques utilized in conducting these investiga¬ 
tions: the evaluation, of the actual amount of outside air being 

distributed to the occupants has.been described elsewhere. [1] 

History of Occupant 
Complaints and . 

Building 

Operation 

It has often proven critical for the investigator to develop an 
understanding of the history of occupant complaints and previous 
attempts at corrective action, in order to gather this informa¬ 
tion, it is useful for the investigator to meet with all parties ' 
involved, especially, but not limited to, managers, employees, and 
individuals responsible for the building operation. 

Developing a history of the occupant complaints is necessary in 
order to develop a hypothesis as to whether the complaints are___ 
related to indoor air quality, temperature/humidity control, poor 
lighting, job stress or some combination of the above. 

The performance of effective indoor air quality (IAQ) evaluations 
depends on the ability to understand the interactions of the 
variables affecting IAQ. These variables include the effective 
ventilation rates within the building (quantities of "assumed 
fresh" outside air delivered to the occupants) and the introduc¬ 
tion of air contaminants from either within the building, outside 
the building or from within the mechanical 1 or unoccupied spaces 
of the building. 

In determining the amount of outside air made available to the 
occupants, we have identified three important questions: 

1. What was the space originally designed to be used for? 
(i.e.,what was the original intent of the design, based on 
drawings, specifications and design quantities, or does 
anybody know?) 

2. What is the space currently being used for? 

(i.e., based on inspection and defensible measurements, 
what is really happening there, loads, ventilation, etc?) 
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3. 


What do we want to be happening? 

(i.e., based on current and planned space usage and the 
current and evolving guidelines concerning the quantities 
of "fresh" outside air that are considered desirable to 
deliver to occupants, what should be happening?) 

Original Design: The determination of the original intent of a 
design (i.e., what was supposed to be happening in this space) 
may be as simple as finding the original design drawings and 
specifications and extracting information. For older buildings, 
which have changed owners several times, this can be a tedious 
chore and success may be determined by luck, not by skill alone. 
The task is often easiest when the building is owner-occupied, 
and this original owner is the client. 

Historic and Current Situation: The determination of what is 
currently happening in'this space (with regards to the HVAC 
system and air flow patterns), and possibly in the recent past, 
is a matter of meticulous inspection, testing, and measurement. 

By inspection and communication with the owner, one can determine 
the building's actual current occupancy, loads, space utiliza¬ 
tion; and frequently, evidence of the current HVAC preventative 
maintenance. Historical conditions can only be inferred from the - 
situation as found. 

The actual amounts of outside air being delivered to a space, can 
be evaluated only by testing and measurement. This testing must, 
at a minimum, include the inspection and testing of all controls 
that affect the delivery of ventilation and outside air to the 
occupants and the actual measurement of the quantities of outside 
air and/or total air (TA) in question. 

The authors have found that the achievement of design values of 
outside air delivery can never be assumed without at least 
validating the most recent air balancing data and the current 
correct operation of the ventilating- equipment. ' 


ASSESSING ACTUAL BUILDING VENTILATION RATES 

The concept of Effective Ventilation Rate (EVR) refers to the 
ability of the ventilation air to remove air contaminants from 
the occupied spaces in the building. One procedure for deter¬ 
mining the effectiveness of the ventilation system involves the 
measurement of carbon dioxide (C02) concentrations throughout the 
building.' In addition to measuring C02 levels in the occupied 
spaces, measurements should be obtained of the concentration of 
C02 in the supply air, and outdoor air in order to assess the 
proportion of outdoor air coming from the mechanical. HVAC system 
versus the building enclosure infiltration. Testing should be 
thorough enough to note variations, both by time and by location. 
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Peak values of C02, for instance, typically occur in late morning 
and mid-afternoon. If it can be determined that the occupants 
are the only source of the C02 in the building (that is, that 
there are no combustion sources venting to the occupied spaces), 
then the resulting C02 concentrations can provide a measure of 
how well the ventilation system is diluting and removing air con¬ 
taminants generated within the building. [2] 


This approach of determining the effective- ventilation rate is 
especially useful when the air contaminants of concern are being 
generated within the occupied spaces since, if the C02 is not 
being effectively removed and its concentration is building up, 
then similar conclusions can be made about other components of 
the indoor air as well. The specifics of converting C02 con¬ 
centrations to quantities of outside air delivered (expressed in 
CFM/person) are presented in the American Society of Heating, 
Refrigerating and Air Conditioning Engineers, inc. (ASHRAE) 
Handbook of Fundamentals.- [2] 

Techniques for conversion of these CFM/person values to CFM 
values has been discussed in detail in a paper presented by Turner 
and Bearg. [3] 


MECHANICAL SYSTEMS 

For mechanical HVAC systems, a useful procedure for determining an . 
outside air intake rate in a mechanically ventilated building, is 
to perform an enthalpy balance at the mixing box adjacent to the 
outside air dampers. The term "enthalpy" refers to the internal 
(sensible plus latent) energy in a mixture of moisture and air. - 
Knowing the enthalpy of the outside air, the return air and the 
resulting value for the combination of these two air streams, you 
can determine the relative proportion of outside air to return 
air..that are being mixed together at the time of measurement. 
Accurate, stable, calibrated sensors are needed when making this 
assessment. 

This technique, however, only assesses the outdoor air introduced 
into the mechanically driven air handling system. A shortcoming 
of this approach is that it does not take into consideration out¬ 
door air that may be introduced by infiltration. Also, merely 
determining the amount of outdoor air introduced into the mechan¬ 
ical system will not indicate how much of this outside air may be 
wasted, (not actually reaching the building's occupants), because 
of duct leakage, short circuiting or other system inefficiency. 
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AIR MOVEMENT PATHWAYS AND VENTILATION EFFICIENCY 

The determination of a building's air movement pathways and the 
efficiency of the ventilation system can most readily be accom¬ 
plished by tracer gas testing, or a combination of tracer gas and 
carbon dioxide testing. Releasing a tracer such as sulfur 
hexafluoride near the site of an identified source, with a subse¬ 
quent analysis of samples collected throughout the building, is the 
basic technique which will identify transmission pathways. [4] 

This technique provides an assessment of how rapidly that quantity 
of tracer reaches other locations, as well as a determination of 
the pathways of air movement through the structure. 

Another technique for determining air movement pathways is the use 
of air current tubes. These devices produce a neutral density 
visible cloud that will follow the air streams into which they 
are released. 


ASSESSMENT OF BUILDING CONTAMINANTS 

After assessing the effective ventilation rate for removing air 
contaminants from the occupied spaces and the pathways of air move¬ 
ment into and through the building, the next step is to assess the 
presence of air contaminants themselves. First, it must be recog¬ 
nized that the sources of these air contaminants can either be from 
within the occupied spaces of the building, from outside the build¬ 
ing or from within the mechanical system or other unoccupied spaces 
in the building. Since the determination of the effective ventila¬ 
tion rate provides a measure of how effectively pollutants gener¬ 
ated from within the occupied spaces are being removed from these 
spaces, it is useful to perform an emissions inventory to determine 
the possible sources of contaminants. 


SOURCES WITHIN THE BUILDING 

The following is a listing and discussion of some of the typically 
more important indoor air contaminants: 

(1) Particles : The first source of particles to consider 
is the presence of smoking activity. Qualitative assessments 
can, of course, be made by simple observation. Quantitative 
assessments can be based on measurements of concentrations of 
respirable particulate matter (RSP) or nicotine. Approximately 
95 percent of the smoke generated from cigarettes is in the 
respirable range. Care must be taken in interpreting these re¬ 
sults since cigarette smoke may not be the only source of RSP in a 
given area. Portable equipment currently exists for near real-time 
determinations of RSP concentrations, thus allowing walk-through 
surveys to be conducted. In evaluating the impact of tobacco 
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smoke, two mechanisms for elevated concentrations of RSP have been 
observed: local generation and transport by the HVAC system from 

other locations also served by that system. If tobacco smoke is 
determined to be a cause of concern, methodologies of providing 
smoke-free air are available. [5] 

Very large dry process photocopying equipment has also been deter¬ 
mined to contribute fine black carbon particles to the indoor air, 
if the machines are not exhausted to the outdoors. 

(2) Combustion gases : The inventory of potential sources 
must include all combustion gases. Combustion oxides (often 
respiratory irritants) are generated by combustion processes. 

These oxides include carbon monoxide, carbon dioxide and nitrogen 
dioxide. Real-time portable monitors are available for all three 
oxides and passive integrating samplers are available for carbon 
dioxide and nitrogen dioxide. 

(3) Ozone : The potential for ozone may be related to the 
quantity of mis-adjusfed electrostatic copiers in the building or 
other high intensity UV processes. Real-time portable ozone moni¬ 
tors may be used to conduct surveys if suspect processes are in 
use, and often an odor is prevalent near the source. 

(4) Biological sources : The presence of excessive mold, 
fungi, and bacteria can often be related to evidence of loca¬ 
lized high humidity conditions (in excess of 60 percent relative 
humidity or condensation on a surface), which fosters the growth 
of these organisms. This assessment should include the occupied 
spaces and any humidification equipment or mechanical systems. 
Specific types of equipment implicated in past evaluations as 
sources of potentially unhealthful microbial aerosols include 
water spray systems, humidifiers that use recirculated water, 
cold mist vaporizers, poorly maintained AC fan coil units, 
flooded carpets, and leaky roofs. [6] 

Sampling for the concentrations of viable organisms in occupied 
spaces typically involves drawing the room-air across an agar 
medium, or bulk sampling of suspect carpets and duct liners. 
Analysis of this culture plate involves incubation and subsequent 
identification and counting of the number of colonies formed. 
Other biological indicators may include a presence of insect 
parts. A procedure which involves microscopic examination for 
insect hairs or body parts may be helpful in identifying the 
source. 

(5) Organic chemicals : The complexity and diversity of the 
organic chemicals introduced into many indoor environments can 
make assessments of these compounds difficult and air cleaning 
for their removal impractical. Hence, designs have typically 
relied on the effectiveness of the general ventilation system, or 
a well designed local exhaust system, for the removal of the off¬ 
gas contributions from building materials and office equipment. 
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More recently the specification of low emission products has been 
utilized. Real time survey monitors are available for iden¬ 
tifying many potential sources and sophisticated, expensive ana¬ 
lyses such as GC/MS or MS/MS can be performed to determine the 
specific components of the organic soup in modern office 
buildings, if a particular agent is suspected. Passive integated 
samplers are available for many compounds. 

(6) Fibers : The presence of fibers, including fiberglass 
and asbestos-, may be related to the presence of friable acoustical 
or insulation materials often located within the ceiling plenum 
of a building or in mechanical rooms. If there is frequent 
construction activity, water leakage, and transmission of these 
materials to other areas of the building, there may be increased 
risk of exposing the whole building to these air contaminants. 

SOURCES FROM OUTSIDE THE BUILDING 

The following is a detailing of air contaminants that typically 
originate outside of the occupied spaces in the building and are 
drawn into the building either through the mechanical system or 
through infiltration. 

During the heating season, buildings usually behav'e like chimneys. 
This "thermal stack" effect is created by the escape of buoyant 
heated air at the upper levels of the building, which creates 
negative pressures capable of causing infiltration at the lower 
levels of the building, unless specific steps have been taken to 
eliminate the effect. Therefore, because of this induced suction, 
the following items can be identified as potential sources of air 
contaminants to the building: 

(1) Radon and other soil gases : The potential for 

radon problems prior to construction, can only be crudely assessed 
by determining the radon content of the soil geology, sources of 
water and building materials. After construction, very definitive 
assessments can be provided by intrgrating detectors or real-time 
monitors. The release of radon decay products into a building is 
most often related to the infiltration pf soil gas, or outgassing 
from ground water supplies, both of which can easily be determined 
and mitigated. Hydrocarbon soil gases from leaking underground- fuel 
tanks and landfill decomposition products have also been known to 
cause problems. 

(2) Loading docks : They are considered as potential sour¬ 
ces of air contaminants for many buildings. The combination of 
idling diesel vehicles and penetrations at the loading dock, 
under the influence of typical negative pressures, will draw 
pollutants into the building's interior, unless the area has been 


Page 8 of 11 
T. 5 2 


designed to prevent this from occurring. 


88.102-05 
BLDG-8 


HARRIS! A N 

associates 


Source: https://www.industrydocuments.ucsf.edu, locs/qnmmOOOO 


2025525839 



(3) Parking lots and,roadways ; They, too, are considered 
as potential sources of air contaminants for some buildings 
because of the accumulation of carbon monoxide and carbon dioxide 
from idling vehicles. This is especially true for multilevel 
parking facilities in congested areas. These may be considered 
large area sources for pollutants such as carbon monoxide, and 
other combustion irritants. 

(4) Cooling towers : Poorly maintained towers have been 
known to be a source of biological growths that may cause infec¬ 
tions in people under unusual circumstances. 

(5) Localized exhaust systems : These systems (fume hood 
exhausts, toilet exhausts, print room exhausts, etc.) should also 
be evaluated. If their points of emission are close enough to 
air intakes or infiltration sites, or the emission is captured 

in the wake of the building, the contaminants will be drawn in 
with the outside air. In evaluations of this type, algorithms 
have been developed and published for estimating air intake con¬ 
tamination from nearby exhaust vents. [7] 

The parameters for evaluating their impact on IAQ include the cap¬ 
ture efficiency, room pressure relationship, and the exhaust dis¬ 
charge parameters. The evaluation of localized exhausts, such as 
fume hoods or process emissions, cuts across the distinctions be¬ 
tween the above items and, therefore, requires a "systems approach" 
in order to account for several interrelated factors. 


SOURCES RELATED TO THE BUILDING MECHANICAL SYSTEM 

(1) Location of air intakes : The location of air intakes 
can contribute to the contamination of indoor air quality if they 
permit reentry of emissions from the building itself or from 
other sources. 

(2) Humidity control : Any humidification or dehumidifica¬ 
tion device involving recycled and/or standing water is subject 
to stagnation and is a potential source,of contamination from 
microorganisms, including various fungi'. 

(3) Location of supply and exhaust registers : Register 

locations contribute to the determination of ultimate indoor air 
quality by their varying abilities to remove contaminants from 
the occupied zones. If both supply and exhaust registers are 
located in the ceiling or in. the same wall, short circuiting may 
occur. This may allow contaminants to remain undiluted within the 
stagnant zone. However, a floor-supply/ceiling-exhaust geometry in 
combination with a buoyant contaminant, or high supply low return, 
can help drive contaminants from a space. 
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(4) HVAC preventive maintenance : Poor historic maintenance 
of the air filters and condensate drip pans may contribute to 
conditions favorable to microbial growth within the HVAC system. 
Lack of proper filter maintenance may allow considerable organic 
substrate to accumulate within the air handling unit and down 
stream. Lack of proper drip pan maintenance or poor drainage 
detail may allow for the buildup of a microbial soup, supporting 
the growth of organisms•known to elicit allergic responses in 
humans, or in some cases known to be pathogenic to humans. Bulk 
sampling of accumulated material and subsequent analysis by 
experienced microbiologists can be performed. 


BUILDING HEIGHT 

Building height is also included as a factor affecting indoor air 
quality because the taller a building, the greater the potential 
for pressure which the air distribution system must overcome in or¬ 
der to distribute air throughout the structure. In many buildings 
with roof-mounted equipment, the return air riser behaves like a 
chimney, drawing more air than intended out of the lower levels. 
With improper design, the return fan output overtakes the supply 
fan, and the building air pressure becomes negative to the outdoors 
on the lower floors and over-pressurized on the upper floors. If 
the air pressure in a space is greater than what the supply fan can 
deliver, the occupants on the upper floor levels then receive no 
air. 

Another serious ramification of this problem is that the return air 
volume can exceed the supply fan volume. The outside air opening, 
thus becomes a building exhaust port; and even though the outside 
'damper may be wide open, no fresh air is introduced. 


SUMMARY AND CONCLUSIONS 

The presence and location of various potential sources, both inside 
and outside of the building, can be confirmed by observation and 
measurement if necessary. In order to .determine how the ventila¬ 
tion system or systems of a building are performing under various 
operating conditions which occur, and how the changes in 
ventilation rate would effect the pollutant concentrations, it is 
necessary to use sophisticated measurement approaches. The evalua¬ 
tion of a ventilation system requires the measurement of at least 
one component of the gas stream. Options for this evaluation in¬ 
clude compounds that are normally present in the occupied spaces or 
a compound that is specifically introduced into the occupied spaces 
for the purpose of this evaluation, such as sulfur hexafluoride. 
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If the evaluation of ventilation rates and the determination of air 
movement pathways are not sufficient to deduce the source of air 
contaminants, further specific measures of sources and contaminant 
concentrations may be employed. 

To date we have conducted evaluations in over 3 million square, feet 
of office, research, and institutional type space utilizing this 
basic approach with good success at a resolution of the problem. 
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